
Lecture 20: C++ part V

Suggested Literature



RECAP: C++ Vectors
Capacity is usually larger than size

.push_back() is cheap as long as its size < capacity

What happens when 
calling .push_back() 
with size = capacity?

Slower: the entire 
vector needs to move 

to a new location 
with extra capacity



Problem: copy the keys 
of a map to a vector

Old vs New C++ 
solutions.

This class is all about 
ranges

RECAP: C++ (20)  ranges



STL Algorithm and Ranges 
on STL vectors

Many of them we saw in examples in the 
previous three classes



Best answer I found came from Reddit

Why std::ranges and std::views ?

Cheap, non-owning accessor proxies to data

Most of the time, we want access to data, not a data 
container (vector, map, list…)

https://www.reddit.com/r/cpp/comments/18ro7se/c23_views/



As we saw 
before, C++20 

introduces 
std::ranges 
capabilities 

(looks like bash)

Excellent for 
filtering data

std::view are 
ranges

C++ (23)  Vector (std::ranges)

ranges::to is C++23



std::view is part 
of C++ ranges

Views are Non-
Owning (they do 
not own the data 

they access)

C++ always tries 
to avoid copies 

(i.e., create 
temporaries)

C++ (23)  Vector (std::ranges)

Source: https://www.studyplan.dev/pro-cpp/views



std::view is part 
of C++ ranges

Views are Non-
Owning (they do 
not own the data 

they access)

C++ (23)  Vector (std::ranges)

Source: 
https://www.studypl

an.dev/pro-
cpp/views



My favorite aspect of 
std::view is that it 

preserves the original 
container.

C++ (23)  Vector 
(std::ranges)

Source: https://www.studyplan.dev/pro-cpp/views

Views do not create a 
temporary vector



C++ piping is a clean 
alternative way to call 

views algorithms

C++ (23)  Vector (std::ranges)

Source: https://www.studyplan.dev/pro-cpp/views



C++ (23)  Vector (std::ranges)

Source: https://www.studyplan.dev/pro-cpp/views

C++ piping is a 
clean alternative 
way to call and 
concatenate the 
algorithms std:: 

ranges and 
std::views provides



std::zip for Python like zip of vectors

C++ std::ranges offer 
Python-style zip

std::views::zip 
combines multiple 
containers, ranges, 
views into a single 

range



std::transform old vs new (C++23)
C++ std::views 

saves time via lazy 
evaluation

Not true for old 
C++<20 

std::transform (and 
algorithms)

C++<20: need a 
destination vector



C++<20 STL 
algorithms are 

based on iterators 
(“pointers”)

They compute the 
algorithm when 
called. So, they 

need a container to 
hold results

std::transform old vs new (C++23)



C++<20 STL 
algorithms: based 

on iterators. 
Results need a 

container.

Can the output 
vector be v1 itself? 

Yes. But that is 
destructive.

std::transform old vs new (C++23)



C++<20 STL 
algorithms: can the 

output vector be 
v1 itself? Yes. But 
that is destructive.

Be careful with v1 
being the output 

itself!

std::transform old vs new (C++23)



C++<20 STL 
algorithms: be 
careful with v1 
being the output 

itself!

You must match 
the iterators 

carefully

std::transform old vs new (C++23)



In old C++98, 
std::transform (which 

uses iterators). 

What if we don’t pre-
allocate memory on the 

output vector?

STL inserters come to 
the rescue

std::transform old vs new (C++23)



std::view vectors and lazy-evaluation
C++ std::views 

saves time via lazy 
evaluation

No need for an 
output container.

Key: understand 
WHEN the 

transformation is 
being computed



Combining new and old styles
• C++98: based on 

iterators (pointers)

• C++20: based on 
ranges

Can we mix the old-
style algorithm with a 
new one? Yes, if it is 
read-only usage 
(views::common)



std::transform is 
also compatible 

with binary 
operators (if we 

want, for instance, 
to sum two vectors)

std::transform old vs new (C++23)



std::transform is 
also compatible 

with binary 
operators 

New C++23 
syntax allows >2 

arguments

std::transform old vs new (C++23)



We are going to see 
next class (on 
lambdas) that 

C++>17 allows 
variadics (variable 

number of 
arguments)

std::transform old vs new (C++23)



One 
particularly 

powerful STL 
algorithm is 

std::accumulate

std::accumulate old vs new (C++23)



std::accumulate 
ok with custom 
binary operator.

Powerful when 
combining with 

C++17 lib of 
special 

functions

std::accumulate old vs new (C++23)



std::fold_left is not 
as powerful as it 

could be

Extensions to STL 
can be found in 

ranges-v3

std::accumulate old vs new (C++23)

https://github.com/ericniebler/range-v3
https://github.com/ericniebler/range-v3
https://github.com/ericniebler/range-v3


Homework I
Given two STL vectors v1 and v2 of the same size. 

(1) Create vectors v1 and v2 with a size of 1,000,000. Fill them with random 
numbers computed using the STL library random number generators 
from a normal distribution of mean 3.0 and standard deviation 1.0. Use 
C-style loop. Don’t allow zero values.

(2) Compute their sum using std::transform algorithm (use std::plus and 
not lambda to teach transform how to sum. Then try again using lambda). 
Try with serial and parallel execution.

(3) Compute v1/v2 using std::transform algorithm (use std::divides and 
not lambda to teach transform how to divide. Then try again using 
lambda). Try with serial and parallel execution.

(4) Repeat (2) and (3) using C style for loops. And python loops. Copy by 
value and l-value reference 

(5) Repeat (2) & (3) but use std::ranges:for_each and vector .push_back()
(6) Repeat (2-3-4-5), but use std::chrono to time all the executions.



Homework II
Given two STL std::vectors, v1 and v2, of the same size. 

(1) Create vectors v1 and v2 with a size of 1,000,000. Fill them with 
random numbers computed using the STL library random number 
generators from a Bernoulli distribution with p = 0.25. Use 
std::ranges::generate to fill v1 and v2

(2) Calculate their sum and multiplication. Use std::multiplies
(3) Using both std::ranges:for_each + lambda function and stream 

(cout <<), print the first 100 elements of (1) and (2). Do not let 
the comma go past the last element. (a mistake I made in a lot of 
slides)

(4) Repeat (1) but adopt std::ranges:for_each



Homework III
Given a STL std::vector, v1 and std::list v2, of the same size. 

(1) Create std::vector v1 and std::list v2 with a size of 1,000,000. Fill 
them with random numbers computed using the STL library random 
number generators from a Poisson distribution with lambda= 5. 
However, use push_back to fill them without pre-allocating 
capacity. Use std::chronos to determine which one is faster.

(2) Now, pre-allocate the vector capacity. What is the new time?
(3) Using std::min_element compute the minimum element of the 

arrays
(4) Using std::inner_product compute the norm of the std::vector
(5) Using std::accumulate and lambdas, compute the norm of the 

std::vector. Do not create a temporary third vector by doing that
(6) Now use std::transform_reduce, try both sequential and parallel 

execution



Homework IV
In the example where we copy all the keys of an std::map to a std::vector, we 

used the std::views::key
(1) Similar to std::views::key, the STL provides std::views::values. Use that to 

construct a full example where we copy all the values held by keys in a 
std::map<string,int> to a std::vector<int> (do it in one line!)

(2) Repeat (1) using C++17 structure binding. Do not allocate wasteful variable 
for the map's key

(3) Repeat (1) using C++98 std::map<string,int>::iterators. Do (3) in 2 ways. 
(1) Using std::vector::push_back() (extra points if you pre-allocate the vector capacity)

(2) Using operator [] and pre-allocating vector size;
(4) Similar to std::views::key, the STL provides std::views::elements. Use that 

view to construct a complete example where we copy all the {key, value} 
pair elements of a map into an std::vector

(5) Repeat (4) using C++17 structure binding. Extra point if you also print the 
pairs using std::println

(6) Repeat (4) using C++98 std::map<string,int>::iterators 


